Organic residue analysis and the role of Lapita pottery Mathieu Leclerc, Karine Taché, Stuart Bedford and Matthew Spriggs The social practices related to food preparation and consumption are known to reveal important aspects of any culture, as resources are usually consumed not only for their taste and nutritional value but also for the significance they hold in specific contexts (Twiss 2012) . Organic residue analysis represents a useful way to identify specific foods and relate them directly to artefacts. In contexts where containers are thought to bear a special value, directly identifying the content of pottery through organic residue analysis has the potential to highlight the status of different food resources within the community.
Such is the case with Lapita pottery, associated with the first human presence in Remote Oceania about 3000 years ago. Given the widespread sharing of intricate decorative motifs, highly organised designs and remarkable vessel forms across Vanuatu, New Caledonia, Fiji, Samoa and Tonga, archaeologists generally believe that the people who manufactured and used decorated Lapita pots attributed great cultural significance to their iconography (Chiu 2007; Mead 1975; Sand and Bedford 2010; Siorat 1990) . Current models assume that the symbolic significance of these vessels was more important than their economic value. It has been suggested that dentate-stamped Lapita ceramics were used to promote, signal and convey information about the social status and power of Lapita communities, notably in the contexts of special events and/or ceremonies, such as funerals or feasts for example (Best 2002; Chiu 2007; Spriggs 2003; Terrell and Welsch 1997) . The archaeological record shows that generally Lapita occupations have been relatively short-lived (200 years maximum) and quickly followed by the emergence of distinctive regional decorative styles, perhaps signalling the decreased significance of Lapita pottery following the disintegration of a shared cultural system.
If largely accepted, the idea that dentate-stamped Lapita pottery was involved in special symbolic/ ceremonial activities rather than prosaic domestic cooking is largely based on indirect contextual evidence. Our ongoing project is testing this hypothesis using organic data directly acquired from the vessels and reflecting their use. As a first step, the authors have recently analysed lipid residues absorbed within the walls of Lapita pottery from the cemetery site of Teouma in Vanuatu, in an effort to yield direct evidence of the food(s) associated with these decorated vessels (Leclerc et al. 2018) . Besides confirming that food was indeed placed in the vessels, the homogenous lipid profiles and carbon isotopic values obtained in this pilot study suggests that similar food types or mixtures were placed in these vessels, potentially supporting their use for specialised functions. At this stage it is still premature to identify exactly which food(s) are associated with decorated Lapita pottery, but additional analyses of archaeological material and food items are currently being undertaken to shed further light on this question. Ultimately, by identifying the content of Lapita pottery, we wish to better understand the social value of various food items.
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This chapter aims to develop a few core concepts that are essential in order to reach this level of interpretation. The theoretical framework on which these interpretations will be based and more specifically the concept of highly valued food will be introduced. The implications of this framework and the relevance of organic residue analysis as opposed to other approaches to understand 3000-year-old behaviours will also be debated. Lastly, a review of the food items most likely to be found in Lapita pottery will be presented based on archaeological and environmental data.
On the social role of highly valued food
It has long been emphasised by anthropological studies that food acts as a social indicator in addition to its obvious nutritional values (Appadurai 1981; Ashley et al. 2004; Gumerman 1997; Mintz and Du Bois 2002) . Because food is inherently interwoven with social habits and social structure (Atalay and Hastorf 2006; Bourdieu 1990) , it represents a unique medium to convey social information about the status of consumers (Danforth 1999; Lévi-Strauss 1965) . Food is not only a passive conveyer of messages but also contributes actively to the construction of the social structure (Ashley et al. 2004; Bourdieu 1998; Mintz 1996) . Generally, it does so by carrying two contrasting types of social information: food can be used to homogenise a group and reinforce social bonds and/or to differentiate subgroups and establish social statuses (Appadurai 1981; Dietler 1996; van der Veen 2003) . Both agendas can be promoted by the consumption of highly valued foods in special contexts and/or specific locations, either public or private (Curet and Pestle 2010; van der Veen 2003:406) . For example, it is well established that religious rituals and feasts represent exceptional occasions and often involve the communal consumption of highly valued foods as a social display of power. These occasions also contribute in a particularly significant way in defining, strengthening and/or distinguishing social groups (Dietler 1996; Dietler and Hayden 2012; Hayden 2012; Wiessner 2012) . In many societies, special events involving the communal and all-inclusive consumption of food are held to promote the unity of a group, in contrast with other feasts or rituals where access to certain types of foodstuffs is restricted (Hayden 2012; van der Veen 2003) . In the latter case, exotic and/or foreign foods are often used as markers of social detachment (van der Veen 2003:415).
Highly valued food is a concept related to the culturally defined differentiation between staple food items and luxuries-that is, food with extra social value. This differentiation is based on several interrelated factors of varying importance depending on the situation, including the rarity, difficulty of preparation and acquisition (labour investment), exoticism, succulence and semiotic weight of the food (Appadurai 1986; Berry 1994; Curet and Pestle 2010; Dietler and Hayden 2012; Hayden 1996) . On other occasions, quantity rather than qualitative traits appear to be more significant in revealing value, as reported for example by the ethnographic studies of De Garine (1976), Goody (1982) and Leach (2003) in African and East Polynesian communities where vast quantities of 'normal' food are used in ritual/feasting contexts.
Highly valued food items are thus specific to particular cultural contexts, and the status of any food item may also vary diachronically (van der Veen 2003:409-410) . As a result, the criteria listed above do not always indicate high social value, as illustrated for instance by MacLean and Insoll's (2003) demonstration that exotic goods do not necessarily equate to luxury goods. Nevertheless, examples of exotic and scarce food items attributed high social value are numerous in the literature (see Ervynck et al. 2003 ) and several archaeologists have successfully reconstructed the value of food types based on their differential distribution and the presence of clear material correlates for feasting practices (e.g. Emery 2003; Kirch and O'Day 2003; LeFebvre and DeFrance 2014) .
For more recent time periods, other sources of data can be used to reconstruct the value of specific food items. In Polynesia, for example, certain foodstuffs are known to have been highly valued based on ethnohistorical and linguistic data (Kirch 2012; Kirch and O'Day 2003) . In some cases, such information can be verified through independent lines of evidence. One isotopic study of human skeletons, for example, confirmed that fat and meaty food were highly valued amongst Polynesian groups in the recent past (around 750 to 300 BP) (Kinaston et al. 2013 ).
In the case of 3000-year-old Lapita pottery from Teouma, however, information about high-status food contained in proto-historic reports should not be adopted uncritically since it cannot be assumed that particular species kept the same symbolic roles over time. On one hand, ethnoarchaeological studies yield interesting data attesting to long-term continuity in humanthings relational systems and allowing for inspiring archaeological hypotheses and models through analogical inferences (Hamon 2016) . However, it is rather naïve to suppose systematic persistence in behaviours over millennia, as similarities in material culture do not necessarily equate with diachronic continuity, particularly when comparing social groups separated by such long periods of time There are several examples of presumed ancestral traditions changing significantly through time (e.g. Cunningham and MacEachern 2016; Sillar and Ramón Joffré 2016) and even some cases where the social value of food items is known to have shifted from one extreme to the other, as in the case of oyster or deer in Europe (Grant 2002:20-22; van der Veen 2003:409-410 for other examples). Overall, 'it is far too easy to assume that the values assigned to particular foodstuffs in the past were the same as they are today' (Grant 2002:22) . In Melanesia, several ethnoarchaeological studies have addressed the cultural importance of specific ingredients in a more recent past (e.g. Miles 1997; Wiessner 2012) . While certainly relevant, the information provided by these sources should be considered with caution: 'That many practices … look like ancient forms should not lead us to assume that they are in some way survivals from an ancient past' (Cunningham and MacEachern 2016:636) .
In sum, we argue that ethnoarchaeological analogies are not sufficient to provide convincing interpretations on the use of Lapita pots dating back about 3000 BP. In Vanuatu, for example, the often assumed particular social status of pigs during early human occupation is solely based on excavations from much more recent sites (400 BP; Garanger 1972), as well as reports from the 16th-century Spanish navigator Quiros and contemporary kastom. To presume that pigs had a special status 3000 years ago based on its social importance in the last centuries appears as a weak inference. The absence of full circle tusks in Lapita sites could also be taken as counterevidence for the high status of pigs in ancient times, considering that tusked boars now represent social, political and economic capital in northern Vanuatu (Rodman 1996) . It is true that pigs were part of a selective cultural complex and carried over long distances as they were introduced into the new territories colonised by Lapita peoples, but so were chicken, rats and a range of plant species. The other introduced species, animal and vegetal, could have equally been considered socially valuable. In light of this reasoning, we argue that every foodstuff available at the time of the Teouma cemetery could have had special value and potentially been placed in decorated Lapita pottery.
Organic residue analysis of Lapita pottery
In Melanesia, the archaeological study of food and resource exploitation is generally conducted through the prism of optimal foraging theory and behavioural ecology (e.g. Denham and Barton 2006; Hawkins 2015) . While these approaches have some evident benefits, they provide little information about the cultural perception and social value of food items in human groups some 3000 years ago. Data from zooarchaeological assemblages and isotope studies have revealed that Lapita groups had a mixed diet composed of marine and terrestrial resources (e.g. Hawkins 2015; Valentin et al. 2010 ), but they can hardly be used to examine the Lapita mindset regarding food. On the other hand, results from the organic residue analysis of Lapita and post-Lapita pottery will allow a better understanding of eating/serving habits and the social value of the food by directly relating food items to specific vessels.
The first wave of organic residue analysis on decorated Lapita vessels from Teouma supports the idea that these vessels were meant to hold a specific type of food (or mixture of food), tentatively supporting their specialised function (Leclerc et al. 2018) . Indeed, lipid residues extracted from the decorated vessels were strikingly similar, which suggests that similar types of food were placed in every dentate-stamped container analysed. Specific food types were exclusively selected to be put in Lapita pottery, and it is plausible these particular foods held a particular cultural status. The homogeneity of molecular and isotopic values across all samples, despite variation in the forms and/or decorative motifs of the containers analysed, also contradicts any hypothesis that specific types of food could have been associated with specific forms of vessels. Interestingly, to date organic residue analysis strongly suggests that marine foods were not processed in Lapita pottery but the results do not allow us yet to distinguish between plants, non-ruminant animals and/or freshwater resources as the main components of the residues. Ongoing and future analyses will provide more information and precision regarding the food content of Lapita pottery, but in the meantime it is relevant to assess the archaeological and environmental context of these food types and on what grounds they may have been imbued with special or high social value.
Lapita foods and vessels
The scholarship on Lapita diet reveals that a generalist subsistence strategy combining marine and terrestrial broad-spectrum foraging, hunting and the cultivation of native and introduced plant species (so-called 'transported landscapes') characterises Lapita settlements (e.g. Crowther 2009; Hawkins 2015; Horrocks et al. 2014; Valentin et al. 2010 ). It has also been confirmed directly by Leclerc et al. (2018) , and indirectly by Crowther (2006 Crowther ( , 2009 as well as Horrocks and Bedford (2005) , that food was placed in Lapita decorated vessels. Whether the vessels were used to cook, prepare or serve the foods is however still uncertain, even if some technological features of decorated Lapita pottery suggest they are ill-designed for cooking (Ambrose 1997) .
Freshwater resources
Keeping in mind that Teouma represents a colonising site and that raw materials used to manufacture some of the vessels have been traced back to New Caledonia, it is safe to assume that during their trip, the population that eventually settled on Efate and used Teouma as a cemetery must have been more accustomed to marine resources compared to freshwater species. To this day, very little research has been done on freshwater shellfish exploited by Lapita populations (cf. Szabó 2009) and remains from freshwater fish species are yet to be recovered from Lapita assemblages (Rintaro Ono, pers. comm. 2017) . As opposed to the commonly available marine resources, the relative novelty, exoticism and rarity of the freshwater resources available on Efate must have been noticed by Lapita occupants. These traits correspond to some of the criteria usually associated with high-status food, as mentioned before. Consequently, it is plausible that freshwater resources were placed in decorated Lapita vessels and used in non-secular contexts at the cemetery.
Non-ruminant terrestrial animals
Zooarchaeological remains recovered from various Lapita sites, including Teouma, confirm that terrestrial animal species were exploited by the occupants (Hawkins 2015; Kirch 2017; Sand 2010; Summerhayes et al. 2010) . In fact, some of the animal populations were heavily impacted by human predation, to the point of extinction for species such as the tortoise, the crocodile and some bird species (Hawkins et al. 2016; Mead et al. 2002; Worthy et al. 2015) . The idea, based on optimal foraging models, is that these abundant large animals were targeted first by Lapita newcomers because they represented prime, easy-to-catch preys providing vital amounts of calories and protein that greatly helped them settling in. Fruit bats (Pteropodidae) also represent a terrestrial species known to have been heavily exploited by Lapita communities (Bedford 2006; Kirch and Yen 1982; Worthy and Clark 2009 ). In addition to these native species, a number of domesticated and commensal animals (pigs, chicken, rats, but probably not dogs) were introduced into Remote Oceania by Lapita settlers (Anderson 2009; Hawkins 2015; Matisoo-Smith et al. 1998; Storey et al. 2008) . The prime importance of these native and non-native terrestrial animals for the survival of the group during the earlier phase of occupation would have been acknowledged by Lapita peoples. It is plausible that such primary reliance raised the social status of these foods, thereby leading to their placement in highly decorated vessels and involvement in burial practices.
Plant resources
Considering that Teouma represents a colonising site , it is argued that C3 plants were scarce during the early phase of Lapita occupation at Teouma. A number of C3 endemic plant species suitable for consumption were present in the archipelago when Lapita groups first arrived, although how rich the environment was is still a matter of debate (cf. Green 1991; Lebot and Sam in press; McClatchey 2012) . It is generally argued that the bulk of edible plant resources at the time were limited to leafy vegetables, palms (including coconut, given that it was found in pre-human levels dated to 5000 BP on Aneityum-Spriggs 1984) and some tree crops such as Inocarpus fagifer, Canarium and Barringtonia (Walter and Sam 2002) . With regards to newly introduced crops such as taro, yam and banana, it is safe to assume that their quantity must have been limited in the early stage of Lapita occupation, since time was required before the cultivation of introduced plant species thrived enough to make horticulture a viable and steady alternative to hunting and gathering. Overall, these conditions are in accordance with data obtained from faunal analysis and bulk isotopic studies of human bones, which indicate that plant resources, introduced or endemic, were not a major part of the diet in the early phase of the occupation. Native C3 plants were most certainly less available than marine resources. Considering the significant quantity of marine remains recovered not only at Teouma but also on a majority of Lapita sites and the importance of maritime subsistence activity amongst Lapita people (Bedford 2006; Davidson et al. 2002; Kirch 1997:197-203; Szabó 2001) , it is safe to assume that such resources were ubiquitous and commonly consumed at the time of Lapita occupations Valentin et al. 2010) .
The amount of work and effort necessary for the successful exploitation of plant resources would have been significant, especially for introduced crops. Consequently, the cost of acquisition would have been quite high for such foods. It has been demonstrated that these crops were introduced in Vanuatu as 'vegetative propagules', which are 'highly sensitive to salt sprays and drought' (Lebot and Sam in press) . This implies that a considerable amount of care would have been required to protect these crops during the risky canoe trips over long distances. Lebot and Sam also highlight that the successful establishment of gardens by Lapita people colonising a new terra australis 51 land was most likely the object of great and delicate attention. Moreover, it shows an intention to keep these crops available for the group, wherever they would establish themselves next. This demonstrates that these crops represented something worthwhile, to be preserved despite the effort, and regardless of whether this importance was based on a nutritional or cultural basis (or both).
During the first stages of occupation, the availability of these introduced resources must have been somewhat limited given the finite number of shoots introduced and the time required before gardens could be established. Months or years would have passed before the first occupants would have been able to collect the first harvests, and perhaps a decade before getting sufficient stock to supply a small community (Addison 2008; Lebot and Sam in press) . Thereby, it is safe to claim that in the early days of settlement, introduced plant resources (such as taro, yam and banana) were labour-intensive to produce and relatively scarce. Overall, introduced plant species in Lapita communities fit many of the criteria associated with highly valued food. While this cannot be taken as a proof of the proposed scenario, the fact that starchy plants, including introduced species such as yam and taro, are nowadays very common in the diet of populations across Oceania (Pollock 1992; Walter and Lebot 2007) is consistent with the emulation process undergone by high-value and prestigious items, which typically become mainstream over time through a trickle-down effect (Grant 2002:20-22; van der Veen 2003:409-410) .
Conclusions
Lapita people had access to a variety of food resources, several of which could have been placed in dentate-stamped vessels and possibly been highly valued. Relying solely on ethnohistorical sources to determine which resources could have been placed in Lapita pottery is not a reliable approach. Alternatively, organic residue analysis provides a means to look at research questions about Lapita foods and foodways from a refreshing perspective, potentially gaining new insights into the perceptions these people had of their food through its potential to identify the food content of decorated Lapita pottery. An initial pilot study suggests that specific foods were selected to be placed in Lapita pots, possibly confirming their specialised use. While molecular and isotopic values have allowed us to rule out marine resources as the content of the analysed samples, it is yet impossible to distinguish between plants, non-ruminant animals and/or freshwater resources as the main contributors of the residues. Here we demonstrated that all three could have been highly valued food. We are still at the dawn of our inquiry of Lapita foods and foodways using organic residues of dentate-stamped pottery, but it is clear from this chapter that interesting ideas can and have already been brought up. The outcomes are expanding our understanding of the Lapita mindset in regards to food beyond what has been possible so far.
Overall, the discussion presented in this chapter serves as a promising foundation on which upcoming results will build upon to provide new insights on Lapita people's cultural perceptions of food, and their use of decorated vessels in general. Ongoing and future analysis of archaeological ceramics and modern fats and oils will refine our interpretations and provide data that will allow us to address even broader research questions, such as comparing the content of plain and decorated ceramics, or testing whether the specialised use of Lapita pottery detected in our pilot also prevailed at other Lapita sites across Remote Oceania.
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